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ABSTRACT 
 
 
 
Electromagnetic Compatibility or EMC is the ability for the product or equipment 
under test (EUT) able to operate in its intended environment with causing undue 
interference or being unduly affected by it. The requirement for non-interference has 
been known for many years but it is only now with the introduction of legislation that 
we are seeing a major growth in demand for testing. The USA with its FCC regulations 
has for some time tried to control emissions from certain types of equipment. Japan 
has also had a voluntary code (VCCI) and Europe, after some delay, fully introduced 
mandatory regulations at the end of 1996.  
The ultimate importance of an EMC testing is to ensure the EUT is not affected 
by the other operating EUT and vice versa. These conditions apply for both conducted 
(CE) and radiated emission (RE). Other areas are now introducing regulations and it 
seems likely that the system will spread to encompass the whole world in the future. 
Currently, measurement of an equipment under test (EUT) shall cast a doubt when the 
result is close to the specification limits. In the common practice, the MU is taken as 
an informational purpose only in the report and not for the EUT status. The 
implementation of the measurement uncertainty for the reporting is crucial since the 
EUT might fail the EMC test if the passing margin is below the International Special 
Committee on Radio Interference (CISPR) standards. 
In acquiring the MU for the judgement criteria, comparison with the standards 
and inter-laboratory comparison shall take place. These include the standard 
classification for the EUT type, expanded uncertainty estimation to the CISPR 
standard (UCISPR), EMC equipment factor estimation and proficiency test with the other 
accredited EMC laboratory using the Z-Score method. The inter-laboratory 
comparison used the same calibrated signal source which emits the stable broadband 
emission. Finally, the cumulative results are to be taken as a laboratory expanded 
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uncertainty ULAB= 2uc(y). The thesis focused the application of the expanded 
uncertainty deployment for the judgement criteria for the finalize EUT status.  
 The expanded uncertainty for both measurement CE and RE are 3.058 dB and 
4.2 – 4.58 dB respectively which are well below the CISPR standard 3.6 – 5.2 dB. On 
the other hand, the inter-laboratory comparison between two EMC laboratories, 
EMcenter UTHM and EMC Singapore EPSON Ptd Ltd (SEP) have shown that about 
|1.41| for the Z-score analysis which met the CISPR requirement for the Z-score 
<|1.96|. Thus, both expanded uncertainty and Z-score results met the CISPR 
requirement which is required for the accreditation of an ISO 17025 (General 
requirements for the competence of testing and calibration laboratories). 
 Finally, the work further presented relating to the actual measurement of a 
sampled EUT of 45 units of CE and 44 units for RE. The measurement of the EUT 
comprises the QP margin to be compared with the CISPR limits and the ULAB. For the 
EUT to be completely pass the EMC test, both condition CISPR limits and ULAB must 
be met. A novel method has been implemented in the emission results to satisfy both 
conditions which later, to determine the EUT status and summarized in the final 
reporting. In CE measurement, about 26.67% of non-compliant EUT have a QP margin 
below than the ULAB = 3.058 dB and 34.09 % of non-compliant EUT which have a 
margin below than the ULAB = 4.2 - 4.58 dB for RE measurement. Prior to the new 
method, these EUT have passed the EMC test by taking only the QP emission 
compared to the CISPR limits. Again, by having the novel method, it is clearly verified 
the status of the EUT by taking the QP margin compared to the ULAB as an additional 
verification to the EUT status. 
 Thus, a good verification prior and after the entire measurements which 
21involved the: (1) comparison to the CISPR standard; (2) inter-laboratory comparison 
using the Z-score method, and; (3) actual measurement to the passed EUT. These 
results showed a good performance, usefulness and highlight the potential benefit of 
incorporating the measurement uncertainty for EUT judgement criteria.  
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CHAPTER 1  
 
 
 
INTRODUCTION 
 
 
 
1.1.  Introduction 
 
The Electromagnetic Interference (EMI) in electrical and electronics within the 
stipulated radio spectrum often exists and not directly visible from the outside of the 
equipment. It deals with the generation, transmission and reception of the unintended 
radio signals. This interference phenomenon can be described in a coupling model 
which are the source, coupling path and victim. In order for the interference to take 
place from the source, the coupling path can be radiative or the radiated emission (RE), 
conductive, capacitive and inductive for conducted emission (CE) [1]. Since it occurs 
over a broad spectral range from very low frequencies up to millimeterwave range and 
above, the manufacturer is obliged to declare the conformity with the achieved goals 
of the required directive; a harmonized and compatible level regarding the emissions 
and immunity of the equipment [2].  The directive has been recognized in the US in 
1979 by introducing the FCC article 15 subpart J on emission restrictions for 
computers [3].The EMC standards clearly specify the limits and what is to be measured 
– the “measurand” and to define the method for measuring it. Nowadays, advancement 
in technology, consumer demand and enforcement requirements on an accredited lab 
test has resulted in acquiring ISO 17025 (General requirements for the competence of 
testing and calibration laboratories) certification [4].  
All household products which are meant for the export market are required to 
pass the CE and RE tests. This is to ensure that such household product or the 
equipment under test (EUT) can satisfy the local regulatory requirement which is to 
be used in the designated country. The basic requirement of the test requires the voltage 
disturbance device and a proper impedance with noise isolation to the EUT as shown 
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in Figure 1.1. In this case, the measuring device is an Electromagnetic Interference 
(EMI) receiver which controlled via an EMC software through a general-purpose 
interface board (GPIB). On the other hand, the limited impedance stabilization 
network (LISN) provides the impedance matching and noise isolation from and to the 
EUT. The transient limiter degrade the voltage disturbance from the EUT at -10 dB to 
protect the EMI receiver [5]. On the other hand, the RE test is done at higher frequency 
range than the CE. The LISN is replaced by the measuring antenna as shown in Figure 
1.2 [5]. While the voltage disturbance radiates from the EUT, the antenna captures this 
disturbance through its antenna elements.  
The EMC measurements system deals with an advanced hardware with an 
abundance of technical parameters and multiple connectors which may lead to the 
measurement imperfection or errors if it is not addressed correctly. It is an unavoidable 
and most likely will jeopardize the final measurement result. Therefore, the result of 
the measurement only approximates to the true value of the measurand and is 
completely valid once it carries a statement of the uncertainty for that approximation. 
 
 
EMI
RECEIVER
To EUT
GPIB Communication
PERSONAL
COMPUTER
LISN
TRANSIENT 
LIMITER
Figure 1.1: Test Setup for the conducted emission (CE) [8]. 
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EMI
RECEIVERGPIB Communication
PERSONAL
COMPUTER
Antenna
 
Figure 1.2: Test Setup for the radiated emission (RE) [8]. 
 
In general, errors of measurement may have two components; (1), a random 
errors (Type A) and (2) systematic errors (Type B) [6]. The type A evaluation for the 
uncertainty is based on the statistical or calculation which is normally done under 
repetitive measurements. On the other hand, type B evaluations is based on scientific 
judgement using multiple information such as previous data, operator experience, 
manufacturer specifications, data from handbooks and calibration certificates [7]. The 
uncertainties exist from these two components [8]. Figure 1.3 shows the random errors 
value around the mean. Random errors arise from random variations.  
A series of measurement which is taken under the same condition produces a 
scattered value around the mean. It cannot be eliminated but increasing the number of 
observation and deriving a mean value may reduce the uncertainty due to their effect. 
Then, in Figure 1.4, systematic errors arise from systematic effect at any given 
quantity, remains unchanged when a measurement is repeated under a constant 
condition such as the calibration error. It can be reduced by applying a correction factor 
to the data.  
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Figure 1.3: Random errors [8]. 
 
 
 
 
Figure 1.4: Systematic errors [8]. 
 
By establishing the measurement uncertainty (MU) budget such as in Table 
1.1, all equipment, device, connectors and cables are classified as an input quantities 
xi and to be evaluated by a proper method according to the standards or procedure if 
available and each is expressed as a standard uncertainty, U(xi). The standard 
uncertainty components are combined to produce an overall value of uncertainty 
known as the combined standard uncertainty, UC(y) and the laboratory expanded 
5 
 
uncertainty ULAB. The expanded uncertainty is required to meet the needs of 
international standards to provide a greater level of confidence by multiplying a 
coverage factor of k and shall be calculated as ULAB = k.uc [9]. 
 
Table 1.1: Sample of measurement uncertainty budget [8]. 
 
Input Quantities (xi) Uxi Value 
dB 
Probability 
Distribution 
Divisor ui(y) ui(y)2 
Receiver reading Vr 0.1 Normal 1 0.100 0.010 
Attenuation: LISN-receiver ac 0.1 Normal 2 0.050 0.003 
LISN voltage division factor FAMN 0.2 Normal 2 0.100 0.010 
Combined standard 
uncertainty 
UC(y)  Normal  0.25 0.0625 
Expanded uncertainty. 
Normal (k) 
ULAB k=2  0.125 
 
 
1.2.  Problem statement 
 
EMC testing is a series of various test which is inclusive the emission and immunity 
test as well as radiated and conducted for both. Those tests are needed to be fully 
complied and it is a mandatory requirement for most of the markets including the 
Australia, China, Europe, Japan, Korea, New Zealand and the U.S. With the vast and 
rapid growth in the electric and electronics, it has been known to be one of the main 
driven factor for the EMC testing laboratory to be accredited. Accreditation is a formal 
recognition for the EMC testing laboratory to be competent with the implementation 
of the quality system in accordance to the ISO/IEC 17025. 
Based on ISO/IEC 17025: 2005, Clause 4.4.1 Note 2 stated that, upon 
accreditation, participation in the inter-laboratory comparison (ILC) for the 
proficiency testing (PT) is mandatory for CE and RE using samples or items of known 
value to determine the MU, limits of detection and confidence limits. It is crucial to 
characterize all known input quantities, (xi) and laboratory’s expanded uncertainties 
(ULAB) prior to the PT exercise to takes place.  
According to the numbers of actual EMC’s sample reports from a several 
accredited test houses in Appendices E, F, G and H, it is clearly seen that the MU is 
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used as an informational purpose only which is inadequate to determine the status of 
the EUT which has the emission level < UCISPR or close to the emission limits. 
Therefore, in this context of research the MU is applied in the final measurement so 
that the EUT status could be correctly addressed whenever the EUT has exceeded the 
quasi peak (QP) with the MU limits. 
 
1.3. Aims and objectives 
 
This project aims to make the measurement uncertainty useable to the final 
measurement with the approach verified in the EMC Standards. By having a numerous 
manual and automated data collection, it will be carefully cross-checked for its 
integrity according to the standards. By introducing more analytical and various 
statistical methods for the data analysis, it will be able to minimizing the uncertainty 
values. To achieve the aforementioned aim, the following objectives shall be 
implemented: 
i) To obtain the input quantity (xi) voltage specifically for CE and RE.  
ii) To obtain the laboratory MU (ULAB) within the CISPR standard (UCISPR = 3.6 
dB for CE and 5.2 dB for RE) 
iii) To perform a statistical comparison between two EMC test sites for the ILC to 
satisfy the Z-score requirement in accordance to the ISO/IEC 17025 standard. 
iv) To evaluate the MU value to the final QP measurement with the comparison to 
the QP limits. 
 
1.4. Scope of work 
 
The scopes of this research study are as follows:  
i) Characterization of the measurement uncertainty input quantities xi for CE and 
RE in household and information technology equipment for the EUT through 
standard measurement and calibration certificates. 
ii) Obtaining the measurement uncertainty (ULAB) and to compare with the 
standards (UCISPR) for Semi Anechoic Chamber based on the CISPR 16-4-2: 
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Uncertainties, statistics and limit modelling — Measurement instrumentation 
uncertainty. 
iii) Statistical comparison between two EMC test sites using the Z-score in 
accordance to the EMC standards. 
iv) Implementing the MU in the QP measurement using Toyo software for the 
EMC report. 
 
1.5. Research contributions 
 
The contribution of this research are as follows: 
i) Incorporating the MU to the QP emission level for the comparison to the QP 
limits which are not being practice in the current EMC measurement or stated 
elsewhere in the EMC standards.  
ii) Proposal to a new EUT status for the QP level which exceeded the QP limits 
when the MU is taken into account in the EMC measurement. 
 
1.6.  Thesis organization 
 
The thesis is organized as follows: 
i) Chapter 2: Background information regarding the research work in the thesis 
which inclusive of, measurement uncertainty (MU), EMC testing, type of EMC 
testing such as conducted and radiated emission. The main objectives of this 
thesis are to improvise the MU application which are to characterize the MU 
input quantities, conducting an inter-laboratory comparison between two EMC 
test sites and incorporating the MU in the final report. Therefore, a literature 
review regarding the possible MU improvement to the EMC measurement is 
presented. Then, the actual problem regarding the EMC measurement using the 
Quasi-Peak (QP) detection which has a small margin of passing limit is 
addressed in this chapter. 
ii) Chapter 3: Detailed methodology on MU characterization which is a 
comparison to the standard and inter-laboratory comparison. MU were 
characterized from the measurement, calibration certificate and standard values 
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from the CISPR. The QP level is estimated using the calibrated signal source 
and to be compared with the other accredited EMC laboratory.  
iii) Chapter 4: Result obtained for the factor estimation, QP level estimation and 
MU comparison to the CE and RE. The Z-score result is also presented for the 
inter-laboratory comparison. The final MU result obtained are applied in the 
final QP result and the new status of the EUT is suggested 
iv) Chapter 5: Summaries of the work presented in the thesis and some future work 
that can be done to improve the MU in the context of EMC testing. 
 
  
 
CHAPTER 2  
 
 
 
LITERATURE REVIEW 
 
 
 
2.1.  Introduction to Measurement Uncertainty 
 
EMC experts and engineers have shown interest to the measurement uncertainty which 
is a mandatory requirement towards the ISO 17025 accreditation. One of the key 
element of the MU is to reduce the value of the uncertainty. The impact of 
measurement uncertainty is that the measured value is close to the compliance limit 
with a confidence of better than 95% as in Figure 2.1.  
 
 
Figure 2.1: Possibilities for reporting compliance [6]. 
 
 
10 
 
According to EMC standards, these probability distributions are commonly 
used to describe the nature of the input quantities as in Figure 2.2. 
• Normal: Uncertainties derived from multiple contributions, for example, 
calibration uncertainties with the statement of confidence. 
• Rectangular: an equal probability of the true value lying between two 
limits, for example, manufacturer’s specification. 
• U-shaped: applicable to mismatch uncertainty, where the probability of the 
true value being close to the measured value is low. 
• Triangular: the probability of the true value lying at a point between two 
limits increases uniformly from zero to the maximum center, normally 
assigned where most the values between the limit of the central point. 
 
 
Figure 2.2: Probability distributions [6]. 
 
On each contribution as sampled in Table 2.1, the probability distributions and 
the divisors are categorized or determined according to the standards [4 -5]. The input 
quantities value need to be prepared through experimental or from the calibration 
certificates (where applicable) prior to the calculation of the uncertainty. The 
combined uncertainty UC(y) is obtained for a number of m contributions by taking the 
square root of the sum of squares of the individual standard uncertainties. Finally, the 
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expanded uncertainty UC(y), defines the specified level of confidence through the 
multiplication of the coverage factor, k, which is set to be 2 for a level confidence of 
95% which is a standard for the industrial and commercial requirements as shown in 
Table 2.2. 
 
 
 
(2.1) 
where ci
2ui
2= sum square of the combined standard uncertainty [6]. 
 
Table 2.1: Contribution factors [5]. 
 
 Contribution Value Prob. dist. Divisor ui(y) ui(y)2 
1 Receiver reading 0.10 dB Rectangular 1.732 0.058 0.003 
2 LISN-receiver attenuation 0.10 dB Normal 2.000 0.050 0.003 
3 LISN voltage division factor 0.20 dB Normal 2.000 0.100 0.010 
4 Receiver sinewave accuracy 1.00 dB Normal 2.000 0.500 0.250 
5 Receiver pulse amplitude 1.50 dB Rectangular 1.732 0.866 0.750 
6 Receiver pulse repetition 
rate 
1.50 dB Rectangular 1.732 0.866 0.750 
7 Noise floor proximity 0.00 dB Rectangular 1.732 0.000 0.000 
8 Frequency step error 0.25 dB Rectangular 1.732 0.144 0.021 
9 LISN impedance 2.70 dB Triangular 2.449 1.102 1.215 
10 Mismatch -0.734 dB U-shaped 1.414 -0.519 0.269 
 Receiver VRC 0.09      
 LISN VRC 0.90      
11 Measurement system 
repeatability 
0.50 dB Normal (1) 1.000 0.500 0.250 
12 Combined standard 
uncertainty 
 dB Normal  1.876 3.521 
 Expanded Uncertainty  dB Normal, k=2.0 3.75  
 
 
 
 
 
 
 
𝑈𝐶(𝑦) = √∑ 𝑐𝑖
2𝑢𝑖
2
𝑚
𝑖=1
(𝑥𝑖) 
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The contribution factors and value are normally well defined in the standards 
and can be applied in the calculation of the expanded uncertainty. Otherwise, the 
contribution value of such equipment shall be applied if the calibration certificate is 
available which normally specified from the original manufacturer [10]. 
In the context of this research, the characterization study will be conducted to 
analyze the MU of the CE and RE on a dominant input quantities value which are 
LISN and receiver respectively [11][12]. The measurements techniques as mentioned 
by previous researchers will be the guideline to complete the study. Thus, the 
measurement uncertainty interval will be introduced to the final data to improvise the 
representation of the final report. 
 
Table 2.2: Measurement Uncertainty [5]. 
 
Measurement Expanded Uncertainty (dB) k Confidence Level 
Conducted Emission (CE) ± 3.4 – 3.8 2 95% 
Radiated Emission (RE) ± 5.2 2 95 % 
 
 
2.2.  Introduction to the EMC Testing 
 
The need for the EMC testing is to ensure that all the electronic and electrical device 
does not emit unwanted large amount of electromagnetic interference (emissions for 
conducted and radiated) and also to provide the best mitigation so that the device will 
continue to operate as intended in the real electromagnetic environment. The 
regulatory bodies imposed a certain limit on the emission levels that the product can 
generate. It is a mandatory requirement in order that the product can be operate in such 
country. Basically, the CE testing are done at 0.15 – 30 MHz and RE at 30 – 1000 
MHz respectively in an open area test sites (OATS), semi anechoic chamber (SAC) 
and full anechoic chamber (FAC). Product specific standard such as the CISPR are to 
be followed on how to test such device in line with the international standard. 
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 The conducted emissions are regulated when the electromagnetic emission that 
is coupled to a product’s power cord find its way to the other distribution network 
which connected to the other equipment and use the larger network to radiate more 
efficiently than the product could by itself. The frequency ranges where conducted 
emissions are typically lower than the radiated emissions are regulated. In general, 
radiated emissions are usually associated with non-intentional radiators, but intentional 
radiators can also have unwanted emissions at frequencies outside their intended 
transmission frequency band. Electronic devices that have significant amounts of 
radiated emissions may interfere with their normal operation or the normal operation 
of other devices in close proximity. The conducted emission and radiated emission 
measurement are shown in Figure 2.3 
 
 
Figure 2.3: The differences between conducted and radiated emission [8]. 
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2.2.1. Conducted Emission Test 
 
Conducted Emission (CE) test employs a LISN which acts as a transducer between the 
main port of the power line or data line to the EUT and the measuring receiver. It 
provides a well-defined yet stable RF impedance at 50 ohm in parallel with the 50 µH 
[13] between the measurement points to the ground reference plane (GRP). It also 
couples the RF interference on each phase of the power supply to the measuring 
receiver while at the same time blocking the LF mains voltage. On the other hand, it 
attenuates the external interference which may present on the incoming power supply 
lines.  
The output of the LISN to the measuring receiver is typically coupled through 
an HPF and limiter. The HPF will have a cutoff frequency below 9 kHz which reduces 
the low-frequency amplitude, noise and harmonics to avoid any potential overload 
problems. For the CE test to be performed, a GRP plays an important role in the whole 
setup. According to the standard, the GRP shall, at least, 2 m by 2 m and, at least, 0.5 
m larger than the boundary of the EUT. It must also be made of a conductive material 
like copper, aluminum or steel but the thickness is not important. The GRP must be 
connected to the power supply earth for safety reason. The short low inductive strap 
from the reference terminal of the LISN must be connected to the GRP and it is 
preferable to be bolted on directly to it. 
For table top setup, the EUT must be maintained at a distance of 40 cm from 
the GRP and at least 80 cm from all other conductive surfaces [14]. The distance 
between the boundary of the EUT and the closest surface of the LISN must be 80 cm. 
The leads of the main from the EUT to the LISN shall be 1 m long raised 10 cm above 
the GRP for the entire length. The test setup for a conducted emission is shown in 
Figure 2.4. 
 
 
 
 
 
 
15 
 
 
 
Figure 2.4: Conducted Emission Test Setup [8]. 
 
The example of the personal computer as the EUT setup shall be performed as 
in a normal working condition with all accessories or peripherals are connected such 
as a mouse, keyboard, and printers are in an online state. The emission sources are 
separated into differential mode from the point between live and neutral and common 
mode which appears between both live and neutral and together with respect to the 
earth. The earth acts like a safety connection or stray capacitance to the GRP. The 
LISN measures the combination of the two modes since the measurement is made 
across each phase with respect to the GRP [15]. The equivalent circuit is shown in 
Figure 2.5. 
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Figure 2.5: Equivalent circuit for the LISN [11]. 
 
2.2.2. Radiated Emission Test 
 
A general guide to performing the RE test according to the most standards is performed 
in open area test site (OATS). Any OATS is likely to suffer from the broadband 
ambient signals which are generated within the vicinity of the surroundings and 
received on the site but not from the EUT itself. One way to avoid it altogether is to 
use a screened room from the RE. As in CE, the ground reference plane (GRP) is 
necessary [16] to regulate the reflection from the ground surface and the antenna height 
scan. The height scan is not intended to measure the emission from the EUT in the 
vertical direction. Only one plane of emission horizontal or vertical used, as given by 
the azimuth rotation of the EUT is tested in the standards. In RE, the antenna shall be 
used which acts as a transducer between the field quantity to be measured and the 
voltage input of the measuring receiver. The test setup for the RE is shown in Figure 
2.6.  
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Figure 2.6: Radiated Emission Test Setup [8]. 
 
In standards, the electric field vector is measured above 30 MHz where radiated 
tests at below 30 MHz is the magnetic vector being measured. The usual broadband 
receiving antennas for EMC work is shown in Table 2.3. 
 
Table 2.3: Antennas for EMC testing [5]. 
 
Test Frequency Antenna 
Magnetic Field 9 kHz – 30 MHz  Loop 
Electric Field 30 MHz – 300 MHz 
300 MHz – 2 GHz 
30 MHz – 2 GHz 
600 MHz – 40 GHz 
Bi-conical 
Log Periodic 
Bi-log 
Horn 
 
The measuring antenna is a frequency dependent parameter which converts the 
measured voltage at the antenna terminals to the strength of the field in which the 
antenna is located. The antenna factor (AF) is used to give the measured field strength 
E as follows  
Where,  
(2.2) 
V is the indicated voltage on the measuring receiver 
AF is the antenna factor  
L is the sum of all losses and gains in the path between antenna and receiver. 
 
𝐸 (
𝑑𝐵𝑉
𝑚
) = 𝑉 (𝑑𝐵𝑉) + 𝐴𝐹 (
𝑑𝐵
𝑚
) + 𝐿 (𝑑𝐵) 
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2.2.3. Inter-laboratory comparison using Z-score 
 
A Z-Score or the standard score is a normalized value which gives a score to 
each result relative to the numbers in the data set. It is the method use in the proficiency 
test (PT) for the inter-laboratory comparison (ILC). The measurement is on how the 
standard deviations within the normal population mean in the raw score. A Z-score 
range from -3 and +3 standard deviations are the far left right respectively in the normal 
distribution curve. A standard form for the calculation of Z-Score is shown as follows: 
 
 
(2.3) 
Where, 
Zi is Z-score in each test laboratory 
Xi is the submitted data from the laboratory 
X is a mean or median value of all data 
s is normalized or standard deviation of the population. 
|z| > 3: Unsatisfactory 
2 < |z| < 3: Questionable 
|z| < 2: Satisfactory 
 
 
 
 
 
 
 
 
 
 
 
(|𝑍𝑖| =
𝑋𝑖 −  ?̅?
𝑠
) 
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2.3.  Previous Works on Measurement Uncertainty 
 
All sources of electronic circuitry are the possible source of EMI which will affect the 
other systems or nearby equipment. This natural phenomenon need to be addressed 
and mitigated carefully without jeopardizing the expected functionalities of each other 
[13-14]. For instance, the telecommunication equipment and any related telco devices 
must be certified for EMC compliance as regulated by the designated government 
bodies such as FCC in USA or CE in Europe and MCMC/SIRIM in Malaysia.  
Assessing the competence level of the accredited laboratories is one of the 
growing concern in the metrology and community specifically in EMC field in 
Malaysia. In the sense of the laboratory accreditation, ISO/IEC 17025 standard, has 
established general requirements that need to be fulfilled for the competence of either 
testing or calibration laboratories. The ILC exercise which is to be carried out at least 
one participated laboratory once in every 4 years [15-16], in which the participating 
laboratory needs to undergo certain tests using the standard source and then be 
compared with another laboratory. Since 2011, several research activities regarding 
the MU and ILC have been done to improvise the ILC exercise with the various type 
of EMC equipment and heterogeneous EMC chambers.  
 
2.3.1. Median Value of a Measurement Uncertainty 
 
The general approach was to measure the strength of the electric field radiated from 
the known standard source at different specified frequencies or location such as the 
OATS, SAC or GTEM cells. In practice, the min, median or the most commonly used 
the standard deviation are available for the basic statistical assessment. It has been 
highlighted in several papers for the RE [17-18].The correlation is needed when 
dealing with the measurement using the GTEM cell. For the measurement which is 
made or assumed to be 3 m range inside the SAC, the correction factor of 10.5 dB was 
adapted to compensate for the free space propagation loss from 10 m to 3 m as 
suggested in the standard [23]. 
In the ILC program, both conducted and radiated emission test are instructed 
to assess the technical proficiency of the participated test laboratories. To evaluate the 
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data, the deviation from the median value submitted data is considered in addition of 
the Z-Score specified in the standards. These exercises which were studied by Osabe 
and Kato [24-25] to investigate all the submitted data for the RE test on 3 m and 10 m 
as shown in Table 2.4. 
 
Table 2.4: Number of participated test site and the condition of radiated emission 
measurement [24-25]. 
 
ILC Term of 
program 
Number of participated test site Condition of radiated 
emission measurement 
 
Conducted 
Emission Test 
Radiated Emission 
Test 
1 2005.7 – 
2005.12 
22 26 10m 
2 2006.7 – 
2006.12 
31 31 3m 
3 2007.7 – 
2007.12 
22 26 10m 
4 2007.8 – 
2008.1 
15 16 10m 
5 2008.7 – 
2009.3 
38 34 3m 
6 2009.8 – 
2010.3 
38 32 10m 
7 2010.8 – 
2011.3 
39 40 3m 
 
The signal source used was the comb generator which represented as an artifact 
to be circulated as an EUT [26]. It has been widely used in the EMC field for the 
measurements and validations [27]. Such measurements are calibration of the cable 
loss, on-site attenuation measurement, factor for the chamber correlation and other 
parameters which may influence the measurement such as the tables, turntable and 
cable arrangements [23-24]. For the RE test, the electric field comb generator was 
measured at 3 m or 10 m from the artifact. As usual in the standards, the mains power 
supply is fed through the VHF LISN to stabilize the common mode of AC power 
supply [30]. It was carried out by reading disturbance voltage from the switching 
generator of power supply circuit artifact via the LISN [31]. The reference value will 
be defined by a median value of all collected data.  
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Based on the findings, some Z-score of the RE measurement has exceeded the 
limit value of deviation from the median value. It has been concluded that the deviation 
from a median value of all submitted data should be introduced to the judgment criteria 
for the RE test evaluation because the possibility of the MU is known to be high. It is 
also being raised that, it should be adopted according to the standards. 
 
2.3.2. Measuring Antenna for a Measurement Uncertainty Evaluation 
 
The RE measurement is regulated by standards such as the CISPR25:2008 or the MIL-
STD 461F because the associated disturbance is considered as an external noise that 
can interfere with the environment or nearby equipment. These standards specify the 
test setup for the radiated emission measurement in the frequency range 30 MHz to 
1000 MHz. However, different measurement antenna for the frequency range 200 
MHz to 1000 MHz has been specified. C. Qiang and L. Yinghua [32] had illustrated 
the influence of the different measurement antenna on the RE measurement. These 
measurement antennas include the log periodic antenna and double ridge horn antenna 
as shown in Figure 2.7.  
 
Figure 2.7: Bi-conical and double ridge horn antenna positioning [32]. 
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RE measurement was conducted by using a personal computer (PC) as an EUT. 
The test site was done in the SAC. The EUT has been placed on the top of the EUT 
table on the top of the conductive ground plane. The height of the table is 80 cm 
according to the standard. A set of different antennas has been used and the result is as 
shown in Figure 2.8 and 2.9. 
 
 
Figure 2.8:  Measurement result with vertical polarization for double ridge horn 
antenna [32]. 
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Figure 2.9: Measurement result with vertical polarization for log periodic antenna 
[32]. 
 
The result showed that different measurement antenna will obtain the different 
measurement results. The antenna directivity and phase center have an important 
influence on the RE test which is classified as one of the main input quantity and 
should be introduced in the MU. 
 
2.3.3. Reference Signal Source for a Measurement Uncertainty Evaluation 
 
Some work and analysis on the ILC for the testing round with the major EMC 
laboratories in Brazil has been done by Guimaraes [33] in seven laboratories conducted 
in RE measurement under the coordination of an independent third party supervised 
by the Brazilian accreditation body, INMETRO. The guidelines of the international 
standards such as the ISO 17043 and product specific standard CISPR 22 were 
followed. The multi-tone signal generator was specifically designed and assembled for 
the present ILC conditions. It has been proposed to be used in heterogeneous EMC 
facilities.  
The test facilities included six semi-anechoic chambers and a GTEM cell. Data 
gathered from the GTEM cell are correlated with the field strengths that would be 
measured at a 10 m range OATS, adopting the algorithm based in [34] which is also 
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based from the [29-30]. Five tones were used in the ILC at the maximum electric field 
strength reported by the mentioned laboratories. The strongest measured signal 
observed: 82, 165, 246, 359 and 717 MHz as shown in Figure 2.10. The comparison 
of the seven laboratories of the five frequencies spectrum is shown in Figure 2.11. 
 
 
Figure 2.10: Output of a spectrum from the multi-tone generator for the ILC [33]. 
 
 
Figure 2.11: Electric field strength at five frequencies for the ILC [33]. 
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